were used as head groups for the synthesis of amino acid surfactants in the laboratory studies as well as commercial applications. Vale et al. 14 16 synthesized and studied the biological, interfacial and micellar properties of the amino acid-based cationic surfactants of varying head groups namely tyrosine, hydroxy proline, serine and lysine and different chain lengths C12-C18 . Hydroxy proline-based surfactants showed lower toxic with lower CMC values compared to others and commercial surfactants DTAB, SDS, HTAB. Even though mixed fatty acid-based surfactants are more economical, majority of the literature focused on the synthesis of amino acid-based surfactants using pure fatty acids and pure amino acids to study the basic surface, self-assembly and biological properties. NOleoyl proline showed superior surface activity, foaming characteristics and wetting ability compared to phenylalanine and isoleucine-based surfactants 17 . N-Palmitoyl proline showed the higher antimicrobial activity and good wetting ability among the other sodium N-palmitoyl amino acids 18, 19 . Especially N-lauroyl proline exhibited the higher calcium tolerance compared to other N-lauroyl amino acids 2 . Very few reports are available on the synthesis of amino acid-based surfactants using mixture of fatty acids along with single chain fatty alkyl groups with better surface-active properties 20 23 .
Considering all these facts, we also synthesized the sodium N-acyl isoleucines as anionic surfactants using a mixture of fatty acids obtained from vegetable oils, namely coconut, palm kernel, palm, jatropha, karanja, Sterculia foetida, castor and high oleic sunflower oils 24 . These vegetable oil-based surfactants exhibited better biological properties and superior surface active properties like calcium tolerance, critical micelle concentration CMC and emulsion stability as compared to the reference surfactant, sodium lauryl sulphate SLS . As a result of these studies, the mixture of fatty acids-based surfactants were prepared in this study by varying the amino acid head group isoleucine with proline. The present study also aimed to reveal the effects of the chain length and functionalities and the synergetic effect varied with the type of vegetable oil of these proline-based surfactants on their surface active properties and their cytotoxicity. These new proline-based surfactants find potential use in personal care, pharmaceuticals, household and industrial applications.
EXPERIMENTAL 2.1 Materials and Methods
Proline, sodium lauryl sulphate SLS other chemicals and solvents were purchased from M/s. SD Fine Chemicals, Mumbai, India. Oxalyl chloride was purchased from SigmaAldrich, St. Louis, MO, USA. Coconut, palm and high oleic sunflower were procured from local market Hyderabad, India, and used without further purification. Karanja and Sterculia foetida Java Olive oils were extracted from their oilseeds with hexane using Soxhlet method. Silica gel 60-120 mesh for column chromatography was purchased from M/s. Acme Synthetic Chemicals, Mumbai, India, and pre-coated TLC plates silica gel F 254 were purchased from Merck, Darmstadt, Germany. Slip melting points SMP of synthesized compounds were determined using AOCS official method Cc 1-25, 1997. UV-visible spectrophotometer Lambda 25, PerkinElmer, Shelton, CT, USA was used to measure the absorbance. IR spectra were recorded on a FT-IR spectrophotometer Perkin-Elmer, Model: Spectrum BX, Shelton, CT, USA as thin film. All proton NMR spectra were recorded on 400 MHz Varian, Palo Alto, CA, USA spectrophotometer Model: INOVA 400 using TMS as internal standard. The fatty acid compositions of different oils are given as their corresponding fatty acid methyl esters FAME 25 .
The FAME s were analyzed using Agilent 6890 Gas chromatograph unit equipped with FID. Similarly, the column purified mixture of N-acyl prolines NAPro was protected as methyl ester with diazomethane and analyzed using GC-MS. The GC-MS analysis was performed with Agilent 6890 Philadelphia, PA, USA gas chromatograph connected to Agilent 5973 mass spectrophotometer at 70 eV m/z 50-600; source at 230 and quadruple at 150 in the EI mode with a HP-1 MS capillary column 30 m 0.25 mm 0.5 μm .
Synthesis of Sodium N-Acyl Prolines
Sodium N-Acyl prolines were prepared by SchttoenBaumann reaction as shown in Scheme 1 2 .
2.2.1 Typical procedure for the preparation of fatty acid mixtures from coconut oil RCOOH Fatty acid mixtures were prepared from vegetable oils by following our earlier reported method 24 . Coconut oil 54.0 g, 80 mmol was taken into 1 liter of three necked round bottom flask and to this, aqueous NaOH solution 11.2 g, 280 mmol was added drop wise with constant stirring. The temperature of the reaction mixture was raised to 90 and these conditions were maintained for 4 h. The progress of the reaction was monitored by micro TLC hexane: ethyl acetate, 90:10, v/v for the confirmation of triglyceride conversion into fatty acids. After confirmation, the contents were neutralized using HCl 6 N . The fatty acid layer was separated and washed thoroughly with distilled water till neutral and dried under vacuum to obtain the mixtures of fatty acids 49. 8 ty acids NaNAPro Sodium N-acyl prolines were prepared using a method reported in the literature 24 . Briefly, coconut N-acyl prolines 5.0 g, 16.77 mmol were dissolved in ethanol and to this equivalent aqueous NaOH 0.671 g solution was added. The contents were stirred for 2 h at 50 then filtered and the solvent was evaporated to get corresponding sodium N-acyl prolines 99 yield . Similarly, other sodium N-acyl prolines of karanja, Sterculia foetida, palm, and high oleic sunflower fatty acid mixtures were prepared in quantitative yields.
Surface Active Properties of Sodium N-Acyl Prolines

Wetting power
The Draves-Clarkson method as described in IS specification BIS-1185, Bureau of Indian Standards, New Delhi, 1957 was used for estimating the wetting time of sodium N-acyl prolines 24 .
Calcium tolerance
Modified Hart s method was used for the determination of calcium tolerance of sodium N-acyl prolines 24, 26 .
Foaming power
Foaming properties of sodium N-acyl prolines were determined using pour foam apparatus at ambient temperature according to reported method 24, 27 .
Emulsion stability
Emulsion stability was determined according to a method described in the literature 24, 28 .
2.3.5 CMC determination by surface tension method Surface tension was measured using K100MK2 Processor Tensiometer Krüss, GmbH, Hamburg, Germany as reported in the literature 24 .
In vitro cytotoxicity of Sodium N-Acyl Prolines
The cytotoxicity of the sodium N-acyl prolines was assessed by using the MTT assay according to reported method 29, 30 .
RESULTS AND DISCUSSION
Synthesis of sodium N-acyl prolines
Currently, all surfactant industries are exploring the renewable molecules of vegetable oils/fats, proteins and carbohydrates due to their low toxicity and high biodegradability compared to petroleum chemicals-based surfactants. In the present study, fatty acid mixtures of palm, coconut, karanja, Sterculia and high oleic sunflower oils were prepared using alkaline hydrolysis method Scheme 1 in 96-98 yield. Mixture of fatty acids obtained from five vegetable oils contain mainly three types of functionalities, namely saturated, unsaturated and cyclopropene fatty acids. Coconut fatty acids were of medium and short chain with 90 saturation. Palm and karanja fatty acids were long chain with 50 to 78 unsaturation. High oleic sunflower fatty acids were 90 unsaturated. Sterculia fatty acids comprised of 50 cyclopropene fatty acids. The fatty acid composition of five oils is analyzed by gas chromatography GC and given in Table 1 . They were chosen for the study of functionality and synergetic effect of fatty acid mixtures on their surface-active properties and cytotoxicity and are also cost-effective as compared to pure fatty substrates. In the second step, all the fatty acid mixtures were converted into fatty acid chlorides with oxalyl chloride in quantitative yield. The conversion was monitored by IR spectroscopy. The third step of Scheme 1 is the preparation of N-acyl prolines by the Schotten-Baumann reaction with fatty acid chlorides and proline at pH 10. The physical state of the products NAPro s was semi-solids except the high oleic sunflower fatty acyl derivatives which was liquid at room temperature due to more unsaturation. The slip melting points of N-acyl prolines of coconut, palm, high oleic sunflower, karanja and Sterculia foetida were found in the range of 32.6-67.3 . The GC-MS analysis of methyl esters of N-acyl prolines revealed that there was no much change in the fatty acid composition observed before and after the N-acylation. In the final step, the sodium N-acyl prolines were prepared by treating with aqueous NaOH and confirmed by IR spectroscopy. The IR spectra of all the sodium N-acyl prolines showed the disappearance of the -CO-band around 1700 cm 1 and the appearance of two strong bands near 1600 and 1450 cm 1 corresponding to the carboxylate group of sodium salt.
Surface Active Properties of Sodium N-Acyl Prolines
Aqueous solutions 0.1 wt of sodium N-acyl prolines were used for the evaluation of surfactant properties at ambient temperature. The surface active properties were evaluated using standard methods and compared with SLS. All the surface properties are useful from a commercial point of view for any newly synthesized surfactants. The aim of this study is to see the effect of fatty acyl moiety functionality of vegetable oil on these surface active properties. The results presented in this work are the mean values of three independent measurements and are shown in Table 2 .
Calcium tolerance
Calcium tolerance property will provide the efficiency of surfactants towards hard water and acidic/alkali solutions. Generally, the anionic surfactants are negatively charged ions and more sensitive to hard water and acidic solutions Table 1 Fatty acid composition of seed oils used in this study*. as compared to nonionic and cationic surfactant solutions 31 . All the sodium N-acyl prolines were evaluated for their calcium tolerance property and tabulated in Table 2 .
All the sodium N-acyl prolines exhibited better calcium tolerance as compared to the commercial SLS 8.8 ppm . CNAPro 15.1 ppm exhibited lower calcium tolerance as compared to other N-acyl prolines. The calcium tolerance of short and medium chain fatty acid-based compounds was lower than the cyclopropene and long chain unsaturated fatty acids. The calcium tolerance increased with an increase in the polarity of the amino acid head group from isoleucine 2.5 -56.9 ppm to proline 15.1-94.9 ppm 24 .
Calcium tolerance of mixture of sodium N-acyl prolines except CNAPro was found to be superior as compared to pure sodium N-oleoyl proline 75.9 ppm 17 , sodium N-palmitoyl proline 2.5 ppm 19 , and was inferior to N-lauroyl proline 1000 ppm 2 .
Wetting power
Wetting power mainly depends on the adsorption of surfactant molecule at the surface of solid or liquid. The adsorption will vary with the structure of head group and tail group of surfactant molecule. Good wetting agents are good detergents. Anionic surfactants are reported as good wetting agents in textile industry 32 . All the sodium N-acyl prolines 5.6-14.2 s prepared in this study were inferior in wetting power as compared to SLS Table 2 . However, the wetting ability of coconut fatty acid derivatives 5.6 s was almost similar to SLS 4.5 s . The wetting ability was superior in case of short and medium chain saturated fatty acids as compared to unsaturated fatty acid-based products. The wetting power of cyclopropene fatty acid-based products was superior as compared to long chain unsaturated fatty acids and was inferior to saturated fatty acids. The prolinebased products exhibited superior wetting ability as compared to isoleucine-based products 5. 
Surface tension
In general, the surfactants detergency is higher at critical micelle concentration. Detergency increases with increasing the concentration of the monomeric surfactant which is generally unaffected by the presence or absence of micelles. Based on surface tension values, the compounds can be predicted for different applications. For example, solutions having surface tension less than 40 mN/ m can be exploited as wetting agents 32 . Surface tension of the synthesized sodium N-acyl prolines was measured at 0.1 wt solutions 31.0-34.7 mN/m and these values were less than 40 mN/m. A total of five surface tension measurements for each solution were determined and the results are presented as their mean value in Table 2 . In general, the surface activity increased with an increase in the length of fatty alkyl group of the same analogue. CNAPro exhibited lower surface activity as compared to others and SLS 28.9 mN/m . All these amino acid surfactants except SNAPro were showed higher surface tension values about 1.8-3.3 mN/m at 0.1 wt CMC compared to surface tension values at their CMC γ cmc , Table 3 . The surface tension of surfactant increased with increasing concentration above CMC. This trend is reverse to the conventional surfactants and this erratic behavior is unknown to us. This behavior was not found in case of pure and mixture of N-acyl phenylalanines and isoleucines head groups 17, 24, 30 .
Foaming characteristics
Both high and low foaming agents are useful for a wide range of industrial and household applications 33 . In general, foaming power increases with an increase in the alkyl chain length of same analogue 34 . The foaming characteristics of all the sodium N-acyl prolines are inferior compared to SLS *Surface tension measured at 27℃; γ cmc , surface tension value at the CMC; CMC, critical micelle concentration; Π cmc , effectiveness of surface tension reduction; Γ max , maximum surface excess; pC 20 , Negative logarithm of surfactant concentration is required to reduce the surface tension of pure water by 20 units; A min , minimum surface area per molecule.
unsaturated long chain fatty acid derivatives. Foam stability of proline-based compounds is superior as compared to isoleucine derivatives 24 and inferior as compared to SLS.
Emulsion stability
Similar to foam properties, emulsions occurs in many chemical process along with foam. Emulsions are also desirable and some are not. Emulsions are used in many application niche areas such as cosmetics, agriculture, paints, food, photography, leather, drug-delivery systems, etc. 32, 35 .
The emulsion stability of the sodium N-acyl prolines was determined and presented in Table 2 . In general, the emulsifying power increases with an increase in the methylene group of fatty alkyl chain of same analogue due to increase in solubility of alkyl group in oil 2 . The emulsion stability of the sodium N-acyl prolines except SNAPro 199 s was superior as compared to SLS 216 s and therefore, all these products can find application as good long term stable emulsifying agents. The emulsion stability time for 10 mL and 20 mL separation of the sodium N-acyl prolines varied from 199 to 534 s and 349 to 984 s, respectively. The increasing order of the emulsion stability with respect to fatty acid alkyl chain is as follows: cyclopropene fatty acid unsaturated long chain fatty acid short and medium chain fatty acids. The emulsion stability of proline-based surfactants is as follows: SNAPro KNAPro PNAPro HNAPro CNAPro. The emulsion stability of mixture of sodium N-acyl prolines was superior as compared to pure individual fatty acyl prolines 30-213 s 2, 19 . The emulsion stability decreased with an increase in the polarity of the amino acid head group from isoleucine to proline due to lower hydrophobicity 24 .
3.2.6 CMC and thermodynamic properties by Kruss tensiometer CMC can define the surfactant efficiency and it is an important surfactant property occurring in the bulk aqueous solution after completion of monolayer formation at air-water interface area. The surfactants are more efficient with lower CMC values. CMC values of these sodium N-acyl prolines were determined as shown in Fig. 1 from intersection points of average surface tension SFT vs. log concentration ln C values and represented in Table 3 . Lower CMC values 0.00206 -0.127 mmol/L were observed with an increase in the longer unsaturated alkyl chain derivatives and all the products were found to have lower CMC values as compared to SLS 8.3 mmol/L . CNAPro comprised of 50 of C 12 fatty acyl chains and the values were comparable with SLS which is also a C 12 alkyl compound. CMC values of these compounds were one fold inferior as compared to SLS due to mixture of long chain fatty acid C 14 , C 16 , and C 18 derivatives and also lower than the pure N-lauroyl proline 0.74 mmol/L 2 . The CMC value of palm oil-based product, namely PNAPro was found to be 0.0125 mmol/L which was also lower than the pure N-palmitoyl proline 0.095 mmol/L 18 . Generally, an increase in the hy- Surface tension reduction efficiency pC 20 negative logarithm of surfactant concentration is required to reduce the surface tension of pure water by 20 units values were measured from the plots of Fig. 1 . All the surfactants except SLS pC 20 3 values 3.89-5.68 were efficient surfactants 36 and the pC 20 values also increased with an increase in the long chain unsaturated derivatives from coconut to palm, high oleic sunflower, Sterculia and karanja fatty acid-based surfactants. All the products having higher pC 20 values were most efficient as compared to SLS as well as coconut fatty acids-based product having short and medium chain fatty acids. Thermodynamic properties of these sodium N-acyl prolines including the effectiveness of surface tension reduction Π cmc , maximum surface excess concentration Γ max , minimum surface area per molecule A min at air-water interface were determined using following equations 37, 38 .
where γ 0 is pure water surface tension, γ is surface tension at CMC.
where R is the gas constant 8.314 J/mol.K , T is absolute temperature, γ is surface tension, C is surfactant concentration and N is Avogadro s number. The value of n is taken to be 2 as there is one counter ion associated with one ionic head group 36 .
The maximum surface tension reduction of a surfactant was observed at micelle concentration and it revealed the surfactant effectiveness Π cmc . Higher the Π cmc value surfactant was the most effective. All the product solutions except SNAPro 35.2 mN/m had the similar Π cmc values 39.6-43.6 mN/m . There was no change in the effectiveness of isoleucine head group 40.3-42.34 mN/m to proline head group surfactants 24 . Similarly, the surface excess Γ max values of the surfactants also did not show much difference with changes in the functionality of the hydrophobic group at air-water interface. However, among these the sterculia fatty acid based surfactant exhibited lower concentration as compared to others. The minimum area per molecule at the air-water interface gives the information on the degree of packing and the orientation of the adsorbed surfactant molecule. A min and Γ max values are inter-related and inversely proportionate to each other. Sterculia fatty acids-based surfactant exhibited higher A min value at airwater interface area as compared to others due to cyclopropene fatty acid derivatives. This indicates that the molecules were less tightly packed at the air/water interface for the cyclopropene fatty alkyl surfactants. The head group effect on molecular packing of micelles A min was observed in all these surfactants.
In Vitro Cytotoxicity Assessment
Generally, the amino acid-based surfactants exhibited lower irritancy towards skin cells and eye cells and also less toxic towards aquatic species as compared to the conventional surfactants, SDS, HTAB and TGB 4, 39 . Cytotoxicity of the amino acid-based surfactants is dependent on structure of the surfactant of head group or hydrophobic group or size of the counter ion 3, 40 . Based on in vitro and in vivo studies, amino acid-based surfactants may offer use in pharmaceutical, skin care and cosmetic applications due to their lower irritancy potential, less toxic and high biodegradability 41, 42 . Lipoamino acids were used as potential anti-inflammatory agents 43 . Gopal et al. 44 reported the cytotoxicity of series of N-sapienoyl C 16:1 amino acids and among those N-sapienoyl leucine exhibited the higher activity towards the selective tumor cell lines. In the present study, cytotoxicity of the sodium N-acyl prolines was determined against the different available cancer cell lines up to a concentration of 50 μg/mL. The concentration of the compounds at which 50 of the cell growth was inhibited IC 50 was calculated and depicted in Table 4 . PNAPro exhibited moderate cytotoxicity towards MDA-MB-231 37.5 μg/mL and MCF-7 36.5 μg/mL cell lines. SNAPro showed promising activity towards A549 12.46 μg/mL and MDA-MB-231 2.03 μg/mL cell lines and almost equal activity of standard doxorbucin 0.58 μg/mL towards the cell lines, MCF-7 0.78 μg/mL and HeLa 0.62 μg/mL . HNAPro exhibited promising activity towards only HeLa 2.32 μg/mL cell line. CNAPro and KNAPro compounds did not show cytotoxicity at the tested concentrations. Compound SNAPro cyclopropene fatty acids-based product exhibited superior activity as compared to other N-acyl prolines, reported mixture of N-acyl isoleucines and also N-sapienoyl C 16:1 amino acids 24, 44 .
CONCLUSIONS
Proline-based surfactants were synthesized from a mixture of fatty acids obtained from vegetable oils and proline in 58-75 yields. They were characterized by spectral and chromatographic techniques. All the products were evaluated for surface-active properties and cytotoxicity and interpreted with respective to change in the functionalities in the fatty acids. All the surfactants exhibited better calcium tolerance and emulsifying power as compared to SLS. CNAPro exhibited almost similar wetting ability as compared to SLS. Lower CMC values 0.00206 -0.127 mmol/L and higher pC 20 values 3.89-5.68 showed the efficiency of sodium N-acyl prolines. Foaming properties, surface tension and wetting ability of proline-based surfactants were inferior as compared to SLS. These low 
